Alcohol intoxication alters coordination and motor skills, and this is responsible for a significant number of traffic accident-related deaths around the world. Although the precise mechanism of action of ethanol (EtOH) is presently unknown, studies suggest that it acts, in part, by interfering with normal cerebellar functioning. An important component of cerebellar circuits is the granule cell. The excitability of these abundantly expressed neurons is controlled by the Golgi cell, a subtype of GABAergic interneuron. Granule cells receive GABAergic input in the form of phasic and tonic currents that are mediated by synaptic and extrasynaptic receptors, respectively. Using the acute cerebellar slice preparation and patch-clamp electrophysiological techniques, we found that ethanol induces a parallel increase in both the frequency of spontaneous IPSCs and the magnitude of the tonic current. EtOH (50 mM) did not produce this effect when spontaneous action potentials were blocked with tetrodotoxin. Recordings in the loose-patch cell-attached configuration demonstrated that ethanol increases the frequency of spontaneous action potentials in Golgi cells. Taken together, these findings indicate that ethanol enhances GABAergic inhibition of granule cells via a presynaptic mechanism that involves an increase in action potential-dependent GABA release from Golgi cells. This effect is likely to have an impact on the flow of information through the cerebellar cortex and may contribute to the mechanism by which acute ingestion of alcoholic beverages induces motor impairment.
Introduction
Granule cells are the most abundant neuronal subtype in the cerebellar cortex. These glutamatergic neurons receive sensory input from mossy fibers and relay it to Purkinje neurons via the parallel fibers (see Fig. 1 A) . Mossy fiber input is filtered at granule cells by GABAergic inhibitory transmission, which profoundly modulates cerebellar information storage capacity (Tyrrell and Willshaw, 1992) . Golgi interneurons provide tonic and phasic GABAergic input to granule cells. The presence of a tonic GABAergic current in granule cells was first described by Kaneda et al. (1995) , who found a bicuculline-sensitive background noise current that persisted in the presence of glutamate antagonists, tetrodotoxin (TTX), or zero [Ca 2ϩ ] o . This current originates from activation of high-affinity GABA A receptors by low levels of GABA derived from spillover of synaptically released transmitter that accumulates at extrasynaptic sites (Rossi et al., 2003) . A factor that permits accumulation of GABA is the anatomical characteristics of the synapse between Golgi and granule cells. This synapse forms part of a glomerulus that contains four elements: (1) the mossy fiber terminal, (2) the Golgi cell axon, (3) the granule cell dendrites, and (4) a glial sheath (Rossi and Hamann, 1998) . The latter confines released GABA to the glomerulus, increasing the likelihood that it activates extrasynaptic receptors. In addition to this anatomical factor, the unique subunit composition of extrasynaptic GABA A receptors present in cerebellar granule cells makes them ideal mediators of tonic currents generated by background levels of GABA (Hamann et al., 2002) . These receptors contain ␣ 6 ␤␦ subunits that have GABA EC 50 values in the submicromolar range and undergo relatively little desensitization (Saxena and Macdonald, 1996; Wallner et al., 2003) . Granule cells also receive phasic GABAergic inhibition in the form of IPSCs produced by conventional action potential-and Ca 2ϩ -dependent vesicular GABA release from Golgi interneurons. These phasic currents superimpose on the background tonic current and are thought to be important for controlling synchronous rhythmic firing of these neurons (Hamann et al., 2002) .
Cerebellar neuronal circuits are involved in the control of the motor systems. EtOH at concentrations Ն0.08 gm/dl (ϳ17 mM) significantly impairs motor skills, and this is responsible for a significant number of traffic accident-related deaths. Individuals with low sensitivity to this action of EtOH are more likely to develop alcoholism (Schuckit et al., 1994) . Therefore, understanding the mechanism of action of EtOH in the cerebellum is an area of tremendous interest. Most studies of the effects of EtOH on the function of cerebellar circuits have focused on Purkinje neurons (Deitrich et al., 1989; Palmer and Hoffer, 1990; Lin et al., 1991 Lin et al., , 1993 Lin et al., , 1994 Lee et al., 1995; Freund and Palmer, 1997; Yang et al., 1999 Yang et al., , 2000 ; however, little is known about its effects on synaptic transmission at cerebellar granule cells. Using acute cerebellar slices and patch-clamp electrophysiological techniques, we demonstrate here that EtOH indirectly enhances GABAergic transmission to cerebellar granule cells via an in-crease in action potential-dependent GABA release from Golgi interneurons.
Materials and Methods
Unless indicated, all chemicals were from Sigma (St. Louis, MO). Experiments were performed in parasagittal vermis cerebellar slices that were prepared from 30-to 45-d-old male Sprague Dawley rats. Animals were anesthetized with 250 mg/kg ketamine, and 200-to 250-m-thick slices were prepared with avibratome as described (Shuttleworth and Connor, 2001 ). Artificial CSF (ACSF) contained (in mM): 126 NaCl, 3 KCl, 1.25 NaH 2 PO 4 ,1 MgSO 4 , 26 NaHCO 3 , 2 CaCl 2 , and 10 glucose equilibrated with 95% O 2 plus 5% CO 2 . When indicated, bicuculline methiodide, GYKI-53655 (custom synthesized by Tocris-Cookson, Bristol, UK), DL-AP5, TTX, or EtOH (AAPER Chemical Co., Shelbyville, KY) was added to the ACSF. After a recovery time of Ն80 min, slices were transferred to a chamber perfused with ACSF at a rate of 2-3 ml/min. Whole-cell and loose-cell-attached patch-clamp electrophysiological recordings from cerebellar granule cells and Golgi cells were performed under infrareddifferential interference contrast microscopy at 31°C with an Axopatch 200B amplifier (Axon Laboratories, Union City, CA). Patch pipettes had resistances of 3-5 M⍀. Granule cells were identified on the basis of their location in the granule layer and their small size (capacitance: Ͻ5 pF). Moreover, they lacked spontaneous firing in the cell-attached mode and had high input resistances as well as monoexponentialcapacitive transients in response to ahyperpolarizing voltage step. Golgi cells were also located in the granule layer but had a considerably larger size (capacitance: 20 -30 pF) and spontaneously fired regular action potentials in the loose-patch cell-attached configuration. To verify our cell identification criteria, we also recorded in the current-clamp whole-cell configuration from some of these putative Golgi cells. As expected, we found that Golgi cells responded to a hyperpolarizing current injection with a "sag" underling the activation of an I h current and also displayed a bi-exponential capacitive transient in response to a hyperpolarizing voltage step (data not shown) (Dieudonne, 1995 (Dieudonne, , 1998 . We performed whole-cell recordings of GABAergic currents at a holding potential of Ϫ65 mV using internal solution containing (in mM): 140 CsCl, 2 MgCl 2 , 1 CaCl 2 , 10 EGTA, 10 HEPES, pH 7.3, 2 Na 2 -ATP, and 4 QX-314 (Tocris-Cookson). Whole-cell recordings of spontaneous EPSCs (sEPSCs) were performed at a holding potential of Ϫ65 mV with an internal solution containing (in mM): 110 Cs-Gluconate, 5 NaCl, 10 TEA-Cl, 4 Mg-ATP, 0.6 EGTA, 10 HEPES, pH 7.25, and 4 QX-314. Access resistances were between 20 and 35 M⍀; if access resistance changed Ͼ20%, the recording was discarded. Loose-patch cellattached (15-200 M⍀) recordings were performed from the soma of visually identified Golgi cells using regular ACSF in the recording electrode. This technique has been used previously to obtain stable long-lasting recordings and to minimize the dialysis of intracellular components via the patch pipette (Kondo and Marty, 1998) . Data were acquired with pClamp-8 (Axon Laboratories) and analyzed with pClamp-8 and Minis Analysis program (Synaptosoft, Decatur, GA). For the analysis of tonic GABAergic currents, we selected epochs of 3 sec every 30 sec of recording. We visually excluded sIPSCs from the analysis of tonic currents. For the analysis of sIPSCs, we visually selected each event. As shown in Figure 1C , sIPSCs can be clearly distinguished from the background noise on the basis of their fast rise times and slower decay times. Evoked IPSCs (eIPSCs) were elicited with a concentric bipolar stimulating electrode placed 100 -200 m from the patched granule cell. We used a stimulation frequency of 0.05 Hz. Each slice was exposed once to a single EtOH concentration. The effect of ethanol was quantified with respect to the average of control and washout responses. The Kolmogorov-Smirnov test was used initially to test for significant differences between treatments in individual cells. Statistical analyses of pooled data were performed by one-sample t test versus a theoretical mean of zero or 100. Data are presented as mean Ϯ SEM.
Results
We initially studied the effect of EtOH on GABAergic input to cerebellar granule cells (Fig. 1 A) . In agreement with previous reports, we found that these cells display a tonic GABAergic current that is abolished by bicuculline ( Fig. 1 B) (Kaneda et al., 1995; Tia et al., 1996; Rossi and Hamann, 1998; Hamann et al., 2002) . The average size of the outward current induced by 20 M bicuculline (I Bic) was 46 Ϯ 3 pA (n ϭ 42). Moreover, the tonic current was reduced by a concentration of furosemide (100 M) that selectively antagonizes GABA A receptors containing ␣ 6 subunits; tonic current noise variance was reduced by 43 Ϯ 3% with respect to control (n ϭ 7; data not shown).
Under our recording conditions, we detected sIPSCs with an average frequency of 0.85 Ϯ 0.15 Hz (n ϭ 39) that were superimposed on the tonic current ( Fig. 1 B, C) . Application of 50 mM EtOH for 5 min induced a reversible increase in sIPSC frequency ( Fig. 1 B-E) ; however, we did not detect an effect of EtOH on the amplitude or decay of these events (Fig. 1 F, G) . The increase in sIPSC frequency was accompanied by an increase in the tonic current ( Fig. 1 B) . EtOH (50 mM) induced an average inward current shift of 8 Ϯ 1 pA (n ϭ 9). Importantly, EtOH did not induce a current shift in the presence of bicuculline (change in holding current was 0.04 Ϯ 0.8 pA; n ϭ 4; data not shown). Figure 2 shows the effect of increasing concentrations of EtOH on GABAergic transmission at granule cells. Pooled data shown in the left panel indicate that EtOH significantly increased sIPSC frequency but not amplitude; the minimal concentration for observing a significant effect of EtOH on sIPSC frequency was 20 mM. Analysis of cumulative probability distributions of individual cells by means of the Kolmogorov-Smirnov test revealed a statistically significant ( p Ͻ 0.05) effect of EtOH on sIPSC frequency in three of five (10 mM), four of six (20 mM), five of six (35 mM), eight of nine (50 mM), six of six (75 mM), and nine of nine (100 mM) cells. The minimal concentration for inducing a change in tonic current noise variance was also 20 mM. At 35 mM, the effect of EtOH did not reach statistical significance because of high variability, but there was a clear increase in tonic current noise variance in four of seven cells tested.
We next tested the effect of ethanol on eIPSCs. In agreement with a previous report, we found that granule cell IPSCs evoked by Golgi cell stimulation have a rapid rise phase followed by a biphasic decay phase (Fig. 3A) (Hamann et al., 2002) . The peak of these events is mainly mediated by receptors containing ␣ 1 subunits. The early decay phase (30 msec) is mediated by ␣ 1 and ␣ 6 subunit-containing receptors, whereas the late phase (200 msec; spillover phase) is mediated by ␣ 6 subunit-containing receptors (Hamann et al., 2002) . As shown in Figure 3 , EtOH (50 mM) affected neither the peak nor the decay phases of these events. As expected, inhibition of ␣ 6 subunit-containing receptors with 100 M furosemide reduced both the early and spillover decay phases; the effect of furosemide on the early phase did not reach statistical significance because of high variability, but there was a clear inhibitory effect in 9 of 10 cells tested (Fig. 3) (Hamann et al., 2002) . Bicuculline (20 M) abolished the eIPSCs (n ϭ 5; data not shown).
We next determined whether the EtOH-induced enhancement of GABAergic transmission was dependent on spontaneous action potential firing (Fig. 4) . Application of TTX (0.5 M) significantly decreased the frequency, but not the amplitude, of sIPSCs; the relatively infrequent events that remain correspond to miniature IPSC (mIPSCs) (Fig. 4 A, B) . Moreover, the reduction in sIPSC frequency was associated with significant decreases in the tonic current amplitude and tonic current noise variance (Fig.  4 A, C) . Importantly, neither 50 nor 100 mM EtOH induced a significant change in the tonic current amplitude, noise variance, or mIPSC amplitude (Fig. 4 A, D) ; however, mIPSC frequency was significantly increased by 100 mM EtOH (Fig. 4 D) . This finding indicates that anesthetic concentrations of EtOH can increase the probability of GABA release at Golgi cell axonal terminals.
We then directly assessed the effect of EtOH on the firing rate of Golgi cells (Fig. 5) . For these experiments, action potentials were recorded in the loose-patch cell-attached configuration (Kondo and Marty, 1998) . This method allowed long-lasting recordings without perturbing the cytoplasmic contents. We found that under control conditions, Golgi cells fired with an average frequency of 9.3 Ϯ 1.7 Hz (n ϭ 13). After recording a stable baseline for 6 min, application of 50 mM EtOH induced a reversible increase in spontaneous action potential firing frequency (Fig. 5) . On average, 50 mM EtOH increased the firing frequency by 25 Ϯ 8% with respect to control ( p Ͻ 0.01 by one-sample t test vs a theoretical mean of zero; n ϭ 13).
To determine whether EtOH selectively affects GABAergic inhibitory input to the granule cells, we also tested its action on glutamate release from mossy fibers. We recorded sEPSCs from granule cells in the whole-cell patch-clamp configuration; these events were blocked by 30 M GYKI-53655 and 100 M DL-AP5, indicating that they are mediated by AMPA and NMDA receptors (n ϭ 3; data not shown). As shown in Figure 6 , 50 mM EtOH did not affect either the frequency or the amplitude of these events.
Discussion
We demonstrate here that EtOH increases GABAergic transmission at cerebellar granule cells. EtOH increased the tonic GABAergic current that mediates as much as 75% of the inhibi- Figure 2 . Effect of increasing concentrations of EtOH on sIPSCs and tonic current. Left, Summary of the effect of 10 mM (n ϭ 5), 20 mM (n ϭ 6), 35 mM (n ϭ 6), 50 mM (n ϭ 9), 75 mM (n ϭ 6), and 100 mM (n ϭ 9) EtOH on sIPSC frequency and amplitude. Note the lack of an effect of EtOH on amplitude even at a concentration of 100 mM. Right, Summary of the effect of 10 mM (n ϭ 6), 20 mM (n ϭ 7), 35 mM (n ϭ 7), 50 mM (n ϭ 14), 75 mM (n ϭ 8), and 100 mM (n ϭ 6) EtOH on the tonic current noise variance. *p Ͻ 0.05; **p Ͻ 0.005; ***p Ͻ 0.0005, by onesample t test versus theoretical mean of zero. msec. B, Summary graph illustrating the lack of an effect of 50 mM EtOH on sIPSC peak amplitude, early decay phase, and spillover phase (n ϭ 11). As expected, furosemide inhibited both decay phases, given that these are mediated by ␣ 6 subunit-containing receptors (n ϭ 10); the effect of furosemide on the early phase did not reach statistical significance because of high variability, but there was a clear inhibitory effect in 9 of 10 cells tested. *p Ͻ 0.01; by onesample t test versus theoretical mean of 100.
tion of these cells (Hamann et al., 2002) . Indeed, a furosemideinduced reduction of the tonic current increases the number of action potentials elicited in granule cells by mossy fiber stimulation, resulting in an increase in Purkinje cell excitability (Hamann et al., 2002) . Consequently, the flow of information through the mossy fiber-granule cell-Purkinje cell pathway is significantly increased when tonic GABAergic currents are reduced in granule cells; however, little is known regarding the potential impact of decreasing the flow of information through the cerebellar cortex via an increase in GABAergic inhibition of granule cells. Because the activity of these cells must be maintained within certain bounds for proper motor functioning (Watanabe et al., 1998), this is likely to have a deleterious effect.
Computer modeling studies indicate that an increase in tonic GABAergic currents should decrease synchronized oscillatory activity between populations of Golgi and granule cells (Maex and Schutter, 1998) . It will be important to determine whether EtOH indeed alters this oscillatory activity, which could affect plasticity at parallel fiber-to-Purkinje cell synapses and alter Purkinje cell activity timing (Maex and Schutter, 1998) .
Results obtained in several laboratories consistently indicate that the tonic GABAergic current of granule cells is essentially insensitive to TTX, suggesting that it is evoked mainly by ambient levels of GABA (Hamann et al., 2002; Rossi et al., 2003) . Some studies, however, have found that blockade of action potentialdependent GABA release causes a slight reduction in the tonic current (Kaneda et al., 1995; Wall and Usowicz, 1997) . We found a similar result using rats in the same age range, confirming that a component of the tonic current is mediated by spillover of synaptically released GABA that is triggered by spontaneous action potentials originating at Golgi cells. Our results strongly suggest that the mechanism of action of EtOH involves a selective increase in this component. EtOH (50 mM) increased the tonic current and sIPSC frequency in parallel, and this effect was abolished by TTX. The most parsimonious explanation for these results is that EtOH increases action potential-dependent GABA release via an increase in Golgi cell excitability. Our finding that EtOH increased the frequency of spontaneous action potential firing in Golgi cells further supports this conclusion. It is noteworthy that a TTX-sensitive component of the tonic current has not been detected in all studies (Hamann et al., 2002; Rossi et al., 2003) . This could be because of differences in Golgi cell excitability or viability, or both, related to the use of distinct slice preparation methods. To prepare cerebellar slices, we used ketamine for anesthesia and a sucrose-based solution also containing ketamine to provide additional neuroprotection (Aitken et al., 1995; Shuttleworth and Connor, 2001 ). These conditions should be particularly favorable for the preservation of GABAergic interneuron viability (Kuenzi et al., 2000) , which, as indicated by our data with TTX, is a requirement for observing the effects of EtOH on the tonic current.
Our finding that EtOH does not affect the tonic current in the presence of TTX rules out several alternative mechanisms of action. First, it is unlikely that EtOH enhanced the tonic current by inhibiting GABA transporters. Rossi et al. (2003) showed that the GAT-1 and GAT-3 transporters are indeed active at cerebellar granule cell synapses and that inhibitors of these transporters increase the tonic current. Importantly, the action potentialdependent component of the tonic current is not required to observe the effect of transport inhibition (Rossi et al., 2003) . Therefore, if EtOH acted by inhibiting these transporters, its effect should have persisted in the presence of TTX. Second, the results obtained with TTX argue against the possibility that EtOH increases the tonic current by directly potentiating the function of extrasynaptic GABA A receptors. This is somewhat surprising given that two recent studies using Xenopus oocytes found that Figure 4 . The EtOH-induced increase of GABAergic transmission to a cerebellar granule cell is blocked by TTX. A, Sample GABAergic current traces from a cerebellar granule neuron. Application of TTX dramatically reduced IPSC frequency and also reduced both the tonic current amplitude and noise variance. Note that in the presence of TTX, application of 50 mM EtOH did not affect mIPSC frequency or amplitude and did not change tonic current amplitude or current noise. All of the currents were blocked by the GABA A receptor antagonist bicuculline (20 M). Calibration: 25 pA, 10 sec. B, Summary of the effect of TTX on sIPSC frequency and amplitude (n ϭ 10). C, Summary of the effect of TTX on the amplitude of the tonic current (I Bic; n ϭ 16) and noise variance (n ϭ 21). D, Summary of the effect of 50 and 100 mM EtOH in the presence of TTX on the amplitude of the tonic current (I Bic; n ϭ 10 -11), tonic current noise (n ϭ 11-14), and mIPSC frequency and amplitude (n ϭ 4 -6). *p Ͻ 0.03; **p Ͻ 0.008; ***p Ͻ 0.0005, by one-sample t test versus theoretical mean of zero. receptors containing the ␦ subunit are potently modulated by EtOH. Sundstrom-Poromaa et al. (2002) reported that receptors containing ␣ 4 ␤ 2 ␦ subunits are significantly potentiated by 1-3 mM EtOH. Wallner et al. (2003) also found that EtOH enhances the function of these receptors but at concentrations Ն30 mM; a similar result was obtained with ␣ 6 ␤ 2 ␦ receptors (Wallner et al., 2003) . Importantly, ␣ 4 ␤ 3 ␦ and ␣ 6 ␤ 3 ␦ receptors were significantly potentiated by EtOH concentrations Ն3 mM (Wallner et al., 2003) . Given that receptors containing ␣ 6 ␤␦ subunits mediate the GABAergic tonic current of cerebellar granule cells (Hamann et al., 2002) , we expected to detect a postsynaptic effect of EtOH; i.e., an increase in tonic current amplitude or noise variance, or both, in the presence of TTX. We also anticipated observing potentiation by EtOH of both the early and spillover decay phases of eIPSCs, which are mediated by receptors containing ␣ 6 ␦ subunits (Hamann et al., 2002) ; however, an uncertainty that must be kept in mind is that the subunit composition of native receptors in cerebellar granule cells is more complex than that of the recombinant receptors studied by Wallner et al. (2003) . Extrasynaptic receptors may contain more than one ␣ or ␤ subunit subtype (Sigel and Baur, 2000) , which could reduce their sensitivity to EtOH. Indeed, receptors containing ␣ 1 ␣ 6 ␦ subunits plus ␤ 1 , ␤ 2 , or ␤ 3 subunits were recently identified in the rat cerebellum (Poltl et al., 2003) . Moreover, functional studies have shown that modulation of postsynaptic GABA A receptors by EtOH depends on factors other than subunit composition. For instance, protein kinase C-or protein kinase A-dependent phosphorylation is required under some experimental conditions for the EtOHinduced potentiation of these receptors (Weiner et al., 1994 (Weiner et al., , 1997 Harris et al., 1995; Freund and Palmer, 1997) . The phosphorylation state of recombinant receptors expressed in Xenopus oocytes is expected to be different from that of native receptors present in granule cells. In addition, association with certain neuronal-specific proteins could decrease the sensitivity to EtOH of native receptors. Therefore, we cannot completely eliminate the possibility that EtOH directly modulates extrasynaptic receptors in cerebellar granule cells under some experimental conditions; however, our data clearly indicate that one of the mechanisms by which EtOH modulates inhibitory transmission at cerebellar granule cells is indirect via an increase in action potential-dependent GABA release from Golgi cells. It should be emphasized that our finding that EtOH does not affect the amplitude of eIPSCs, sIPSCs, or mIPSCs also indicates that it lacks a direct effect on ␣ 1 subunit-containing GABA A receptors.
The mechanism of the EtOH-induced increase in Golgi cell excitability could be direct or indirect. For instance, EtOH could directly affect Golgi cell firing by inhibiting potassium currents that contribute to the afterhyperpolarization phase that follows spontaneous action potentials, as has been observed in dopaminergic neurons of the ventral tegmental area (Appel et al., 2003) . The hyperpolarization activated inward current I h , which is prominent in Golgi cells (Dieudonne, 1995 (Dieudonne, , 1998 , could also be a target of EtOH. Indirectly, EtOH could act by affecting inhibitory or excitatory input. Inhibitory input to these cells is provided by three classes of interneurons: the basket, stellate, and Lugaro cells. Basket and stellate cells provide pure GABAergic input, whereas Lugaro cells provide mixed GABAergic and glycinergic input (Dieudonne, 2001; Dumoulin et al., 2001 ). Therefore, it is possible that EtOH decreases this inhibitory input to Golgi cells via presynaptic or postsynaptic mechanisms, or both. This possibility does not seem likely given that most of the published evidence indicates that EtOH enhances GABAergic transmission in the CNS (Mihic, 1999; Aguayo et al., 2002; Roberto et al., 2003) ; however, an EtOH-induced decrease in glutamatergic input to basket, stellate, or Lugaro cells could indirectly decrease GABAergic tone, as we recently detected in interneuron-to-CA1 pyramidal neurons in the hippocampus (Carta et al., 2003) . Alternatively, EtOH could increase excitatory input to Golgi cells, although evidence from a myriad of laboratories suggests that EtOH typically reduces glutamatergic input (Woodward, 1999; Dodd et al., 2000; Roberto et al., 2004) . Moreover, we report here that EtOH does not affect spontaneous glutamate release at mossy fiber-to-granule cell synapses, suggesting that it is also ineffective at mossy fiber-to-Golgi cell synapses. Another possibility is that EtOH increases glutamatergic input at parallel fiberto-Golgi cell synapses. If this were the case, we would have expected to see a self-limited effect of EtOH because the increase in GABAergic tone at granule cells should eventually decrease glutamate release from parallel fibers (Hamann et al., 2002) . Clearly, future studies will be required to determine the precise direct and indirect mechanisms by which EtOH alters the excitability of Golgi cells.
In conclusion, our findings demonstrate that EtOH increases GABAergic inhibition of cerebellar granule cells via an increase in Golgi cell firing. Our results are in agreement with those obtained in the pioneering study of Freund et al. (1993) , who found that local application of EtOH to cerebellar slices increased firing of a cerebellar interneuron that was tentatively identified as a Golgi cell. Our results add to growing evidence indicating that the mechanism of action of EtOH in a number of regions of the CNS involves not only effects on postsynaptic inhibitory receptors but also on the release of the neurotransmitters that activate these receptors (Crowder et al., 2002; Melis et al., 2002; Carta et al., 2003; Roberto et al., 2003 Roberto et al., , 2004 Sebe et al., 2003; ZiskindConhaim et al., 2003) . 
